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A.  Description  of  Scientific  Research  Goals: 

The  primary  goal  of  this  research  is  the  development  of  a  prototype  multichip  module  incorporating 
high  efficiency,  high  connection  density  optical  interconnects.  During  year  1,  individual 
components  are  to  be  designed,  fabricated  and  ested.  Various  methods  to  achieve  and  maintain 
alignment  between  the  components  are  to  be  developed  and  tested  experimentally.  The  results  of 
this  work  are  to  be  used  to  develop  components  for  a  demonstration  system,  termed  "System  1," 
that  is  to  be  completed  during  year  2.  Results  from  the  fabrication  and  testing  of  the  System  1 
MCM  will  be  used  to  design  the  final  prototype  system,  the  System  2  MCM,  in  year  3. 

The  System  1  MCM  will  contain  4  GaAs  laser  array  I.C.’s,  64  Si  I.C.'s  and  CGH's  for  ~5l 2 
connections.  The  GaAs  chips  will  contain  32  edge-emitting  lasers  per  chip.  Each  laser  will  have  a 
fanout  between  1  and  5  for  connections  within  the  module  and  to  output  ports.  The  System  2 
MCM  will  be  the  final  prototype  module,  incorporating  16  laser  array  I.C.'s.  Improved  versions  of 
the  CGH's  and  detectors  will  also  be  incorporated.  32,768  connections  will  be  demonstrated. 

The  work  has  been  divided  into  4  tasks.  The  goals  for  the  first  year  for  each  task  are  listed  below: 
Task  1:  CGH’s 

( 1)  Develop  improved  encoding  algorithms,  for  high  efficiency,  low  F#,  large  deflection  angle 
CGH's.  (2)  Design,  fabrication  and  testing  of  prototype  CGH’s.  (3)  Development  of  CAD 
software  for  multichip  module  holographic  interconnects.  (4)  Design  and  fabricate  CGH  for 
system  1. 

Task  2:  Photodetectors. 

( 1)  Develop  improved  photodetector  designs.  (2)  Perform  computer  simulations  of  detectors  and 
detector  circuitry.  (3)  Fabrication  and  testing  of  experimental  photodetector  chips  for  system  1. 
(4)  First  year  goal:  fabrication  of  Si  photodetectors  with  rise  times  <  3  nsec. 

Task  3:  Laser  Diode  Research 

( 1 )  Development  and  fabrication  of  edge-emitting  laser  array  chips  for  system  1.  (2)  Simulation 
and  development  of  surface-emitting  lasers. 

Task  4:  System  Integration 

(1)  Evaluate  materials  which  possess  appropriate  mechanical,  electrical,  optical  and  thermal 
properties,  for  the  translator  chip  substrate.  (2)  Develop  and  test  methods  of  bonding  Si  chips, 
GaAs  chips  and  laser  mirrors  with  required  alignment  accuracy.  (3)  Develop  and  test  methods  of 
aligning  CGH's  to  substrate.  (4)  Modelling  of  thermal  management  techniques. 

B.  Significant  Results  in  the  past  year 

Work  on  this  project  began  July  1,  1991.  Thus,  these  results  cover  the  first  3  months  of  the  first 
year. 

Task  1:  CGH’s 

A  prototype  CGH  for  a  single  1:1  connection  at  an  angle  of  0  degrees  was  fabricated.  This  CGH 
had  an  F#  of  1.0  and  diffraction  efficiency  of  89%.  This  is  the  highest  reported  efficiency  for  an 
F/l  CGH.  (An  F/l  CGH  is  needed  to  collect  most  of  the  light  diverging  from  the  laser.)  Several 
CGH  encoding  algorithms  were  developed,  including  (1)  an  efficient  algorithm  for  converting 
holograms  designed  with  CODE  V  to  discrete  functions  with  higher  diffraction  efficiency  than 
previous  approaches  and  (2)  a  modification  of  the  IDO  encoding  algorithm  to  apply  to 
interconnects  with  large  deflection  angles.  CGH's  designed  with  these  methods  have  been 
incorporated  into  a  prototype  holographic  structure  that  will  be  fabricated  shortly.  The  holographic 
structure  includes  subholograms  designed  with  various  encoding  methods  and  deflection  angles. 
An  in-house  data  format  for  CGH's  for  a  CAD  system  has  been  developed.  A  CAD  framework 
based  on  this  data  format  that  allows  conversion  between  various  standard  formats  is  also  under 
development 

Summary: 

•  Prototype  CGH  for  1:1  connection  fabricated 

•  Several  CGH  encoding  algorithm  developed 


Design  of  holograms  to  test  encoding  methods  has  been  completed 
CAD  data  format  developed.  CAD  framework  is  under  development. 


Task  2:  Photodetectors. 

Several  improved  photodetector  designs  have  been  developed,  including  a  design  based  on  an  ion- 
implanted  intrinsic  well  and  the  use  of  a  grating  on  the  surface  of  the  detector.  These  designs  and 
several  others  have  been  incorporated  into  a  silicon  optoelectronic  test  chip.  The  chip  has  been  fully 
designed  and  partially  simulated.  During  the  next  1  -2  months  the  simulations  will  be  completed 
and  the  chip  will  be  fabricated  at  MCNC. 

Summary: 

•  Development  of  several  improved  detector  designs 

•  Design  of  CMOS  photodetector  chip  to  test  detector  designs  and  circuits 

Task  3:  Laser  Diode  Research 

During  this  period  the  design  and  layout  of  edge-emitting  laser  array  chips  has  been  completed. 
The  laser  chip  dimensions  will  be  300  ja  x  1  cm  x  300  ^m.  The  center-to-center  distance  between 
lasers  wiil  be  250  /im.  The  precise  location  and  layout  of  the  underbump  metallurgy  has  also  been 
specified.  We  anticipate  the  completion  of  the  first  laser  array  chips  by  the  end  of  November. 

Task  4:  System  Integration 

The  structure  of  the  first  test  system  MCM  was  developed.  The  MCM  substrate  will  be  quartz. 
Holograms  will  be  fabricated  on  one  side  by  deposition  of  silicon,  and  electrical  connections  (Al/PI) 
will  be  fabricated  on  the  opposite  side.  This  substrate  will  define  the  position  of  the  components 
with  respect  to  one  another.  Mirrors  will  be  used  to  redirect  laser  output  from  the  edge  emitting 
lasers  to  the  holograms.  These  parts  will  be  fabricated  by  anisotropically  etching  silicon  such  that 
the  resultant  features  contain  a  beveled  edge  (54.7  degrees  w.r.t.  the  surface).  The  reflector  surface 
will  be  coated  with  gold  and  the  mirror  will  be  positioned  on  the  substrate  using  C4  technology. 
Electrical  connection  between  the  components  and  the  substrate  will  be  obtained  using  C4  joints. 
These  solder  joints  will  also  provide  the  component  to  substrate  alignment.  This  alignment  is  a 
critical  aspect  to  the  success  of  this  project.  The  solder  will  be  deposited  on  the  substrates  of  the 
lasers,  detectors  and  mirrors.  These  devices  will  be  fabricated  such  that  they  have  pads  of  solder- 
wettable  material  that  are  of  precise  dimensions.  The  solder  bumps  fabricated  on  the  substrate  will 
be  of  two  different  heights  (to  obtain  maximum  transmittance  of  the  laser  output)  and  will  be 
composed  of  eutectic  Pb/Sn  solder. 

Summary: 

•  Substrate  and  material  choices 

•  Development  of  fabrication  techniques  and  process  sequences 

•  Developed  method  for  alignment  of  the  holograms  to  the  bonding  pads 

•  Determined  method  of  redirecting  output  of  laser  beam 

•  Choice  of  eutectic  Pb/Sn  solder  for  low  temperature  joining 

•  Determination  of  suitable  underbump  metallurgy 

•  Process  design/layout  to  obtain  different  bump  heights 


C.  Plan's  for  next  year's  Research 

By  Sept.  30  1992,  we  will  be  3  months  into  year  2  of  this  project  By  this  date  we  plan  to  achieve 
all  of  the  research  goals  for  year  1  outlined  in  section  A,  as  well  as  to  make  significant  progress 
toward  completion  of  many  of  the  year  2  goals.  More  specifically,  we  plan  to  (1)  complete  the 
design,  fabrication  and  assembly  of  the  test  system  MCM  and  (2)  Complete  the  fabrication  of  the 
holograms  and  detector  chips  for  the  System  1  prototype. 

We  plan  to  complete  fabrication  of  the  CGH's.  the  photodetector  chips,  and  laser  chips  for  the  test 
system  by  mid  December  1991.  By  March.  1992  we  plan  to  have  the  test  system  MCM  fully 
assembled  and  tested.  Work  on  the  System  1  MCM  will  begin  in  January  of  1992.  We  plan  to 
fabricate  the  holograms,  detector  chips  and  lase-  chips  by  July.  1992. 
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